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STANDARD NOMENCLATURE FOR AIRSPEEDS WITH TABLES 
AND CHARTS FOR USE IN CALCULATION OF AIRSPEED 
By William S. Aiken, Jr. 


SUMMARY 


Symbols and definitions of various airspeed terms 
that have been adopted as standard by the NACA Subcom- 
mittee on Aircraft Structural Design are presented. The 
equations, charts, and tables required in the evaluation 
of true airspeed, calibrated airspeed, equivalent air- 5 - 
speed, impact and dynamic ores sure s, and Mach end Reynolds 
numbers have been compileds Tables of the standard 
atmosphere to an altitude of 65,000 feet and a tentative 
extension to an altitude of 100,000 feet are given along 
with the basic equations and constants on which both the 
standard atmosphere and the tentative extension are based, 

INTRODUCTION 

In analyses of aerodynamic data very often wind- 
tunnel or flight measurements must be converted into air- 
speed and related quantities that are used in engineering 
calculations. Attempts to accomplish such conversion by 
use of available methods have been complicated by the 
diversity of symbols and definitions and by the necessity 
of referring to equations, charts, and tables from a 
number of different sources. A standard set of symbols 
and definitions of various airspeed terms that were 
adopted by the NACA Subcommi ttee on Aircraft Structural 
Design and a compilation of the necessary equations, chart 
and tables for converting measured pressures and temper- 
atures into airspeeds, determining Mach numbers and 
Reynolds numbers, and determining other quantities such 
as dynamic and impact pressures that are of interest are 
therefore presented herein. 

In the preparation of the present paper results 
that have been included in orevious papers have been 
extended to include higher altitudes and quantities not 
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given in the previous papers, since recent requests have 
indicated the need for such an extension of standard- 
atmosphere tables . 

The tables and figures have been arranged for ease 
in determination of the airspeed, -which is usually based 
on the interpretation of measurements of differential 
pressures obtained with some pitot-static arrangement. 

The interrelation of the various airspeed quantities is 
independent of the method used in the measurement. 
Instrument and installation errors have been assumed to 
have been taken into account. 


STANDARD SYMBOLS AND DEFINITIONS 


At the November l^flf. meeting of the NASA Subcommittee 
on Aircraft Structural Design, representatives from the 
Army, Navy, CAA, NACA, and several aircraft manufacturers 
adopted as standard the following symbols and definitions 
for airspeeds: 

V true airspeed 

V> indicated airspeed (the reading of a differential- 
pressure airspeed indicator, calibrated in 
accordance with the accepted standard adiabatic 
formula to indicate true airspeed for standard 
sea-level conditions only, unccrrected for 
instrument and installation errors) 

V calibrated airspeed (the airspeed related to dif- 

ferential pressure by the accepted standard 

adiabatic formula used in the calibration of 
differential-pressure airspeed indicators and 
equal to true airspeed for standard sea-level 
conditions ) 

V e equivalent airspeed 


Usb of equivalent airspeed in combination with 
various subscripts is customary, particularly in struc- 
tural design, to designate various design conditions. 

It is suggested that the foregoing symbols be retained 
intact when further subscripts are necessary. 
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Host of the following symbols, which are used herein, 
have already been accepted as standard and are used 
throughout aeronautical literature. The units given apply 
to the development of the equations in the present report. 


V , true airspeed, feet per second 
V c calibrated airspeed, feet per second 

V e equivalent airspeed, feet per second 

a speed of sound in ambient air, feet per second 

K Mach number (V/a) 


P 

P0 


q 

q. 


t 

At 


mass density of ambient air, slugs per cubic foot 

standard mass density of dry ambient air at 3ea 
level, 0.002378 slug per cubic foot 

density ratio (p/p Q ) 

dynamic pressure, pounds per square foot ^sjrpV^ 

impact pressure, pounds per square foot (total 
pressure minus static pressure p) 

static pressure of free stream, pounds per square 
foot 

static pressure of free stream under standard sea- 
level conditions, pounds per square foot 

temperature, °P or °C 

difference between free-air temperature and tem- 
perature of standard atmosphere, °P 


T absolute temperature, °P absolute or °C absolute 

T s td standard-atmosphere free-air temperature, °F absolute 

Tq standard sea-level absolute temperature, 

5l8.i|. °P absolute 
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T m harmonic mean absolute temperature, °F absolute 
(defined in equation (E5)) 

f compressibility factor defined in equation ('ll) 

f c compressibility factor defined in equation (l6) 

v ratio of specific heat at constant pressure to 

specific heat at constant volume (assumed equal 
to 1.4 for air) 

h absolute altitude, feet 

hp pressure altitude, feet 

g acceleration of gravity, 32.1740 feet per second 
per second 

m modulus for common logarithms, log^e (0.434294) 
p. coefficient of viscosity, slugs per foot-second 

u kinematic viscosity, square feet per second (p/p) 

R Reynolds number (p“) 

R std Reynolds number for standard atmospheric conditions 
l characteristic length, feet 

CALCULATION OF AIRSPEED AND RELATED QUANTITIES 


Because pitot-static arrangements are used as the 
basis for the determination of airspeed, aeronautical 
engineering practice has developed to include the use of 
a number of airspeed terms and quantities, each of which 
has a particular field of usefulness. True airspeed is 
principally of U3e to aer odynamicists, and indicated and 
calibrated airspeeds are principally of use to pilots. 
Equivalent airspeed is used by structural engineers, 
since all load specifications have long been based on 
this quantity. 

Definite relationships exist between true airspeed, 
Mach number, Reynolds number, calibrated airspeed, and 
equivalent airspeed, and all these quantities may be 
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related either to the dynamic pressure q or to the 
impact pressure q c . Some of the relations presented 
herein apply to tho calculation of true airspeed and 
Mach number from airspeed measurements obtained with an 
airspeed indicator of standard calibration. Other rela- 
tions apply to the calculation of true airspeed when the 
impact pressure is measured directly. 

If it is assumed that the total-head tube and the 
static-head tube measure their respective pressures cor- 
rectly and that these tubes are connected to an appro- 
priate instrument, the impact pressure measured is given 
by the adiabatic equation when V < a; 


% = P 




1 


(1) 


Standard airspeed indicators used in Army and ETavy 
airplanes since 1925 have been calibrated according to 
eqviation (1) for standard sea-level conditions; that is, 
according to the equation when V < a. 


^c 


f + v - 1 Po 

^ + 2 Y p 0 



1 


( 2 ) 


where the subscript 0 denotes standard sea-level con- 
ditions and V is the calibrated airspeed. The cali- 
brated airspeed Is, therefore, equal to true airspeed 
only for standard sea-level conditions. 


Determination of True Airspeed 
from Calibrated Airspeed 

The formula that relates the true airspeed to the 
calibrated airspeed may be found by equating the right- 
hand terms of equations (1) and (2) as follows; 


r v 1 


Y 

L . Y - 1 P „o\y-1 _ 


/ Y - 1 Po p\ Y“1 


= ^0 

( 1 + ~ v c ) - 1 

\ p 0 c ) 


P 


( 3 ) 
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Because the exact numerical solution of equation (5) for 
true airspeed is involved and requires a great deal of 
time, a number of charts for the determination of the 
true airspeed from the calibrated airspeed for various 
atmospheric conditions have been derived. (See refer- 
ences 1 to 3 .} A typical chart (taken from reference 1) 
that shows the relationship between Mach number, cali- 
brated airspeed, pressure altitude, temperature, and 
true airspeed is given in figure 1. This chart is widely 
used because of its convenience . Airspeed may be obtained 
from this chart with an accuracy within 2 miles per hour 
when standard conditions hold and v/hen values of airspeed 
and pressure altitude explicitly given by the chart are 
chosen; the possible errors increase to within 5 miles 
per hour, however, when the temperature conditions are 
not standard and when interpolation is required for both 
altitude and airspeed. 

For some purposes, charts such as figure 1 are not 
sufficiently accurate. A series of logarithmic tables 
that may be used to determine the true airspeed in knots 
from observed values of calibrated airspeed, pressure 
altitude, and free-air temperature is given in reference lp. 
Logarithmic tables of the type given in reference lx are of 
limited usefulness since they cannot be used conveniently 
to evaluate the intermediate quantities (impact pressure 
and Mach number) that are involved in the computation of 
true airspeed. 

A series of tables (tables I to V) is given in the 
present report to permit determination of impact pres- 
sure q c in pounds per square foot, Mach number K, and 
true airspeed V in miles per hour or knots for observed 
values of V c in miles per hour or knots, pressure alti- 
tude hp in feet, and temperature in degrees Fahrenheit 

or Centigrade. The accuracy of the tables is far greater 
than that with which experimental data can normally be 
obtained. With ordinary care in interpolation, errors 
should be less than O .25 mile per hour throughout the 
greater part of the airspeed and altitude ranges. 

Table I, which gives values of impact pressure q c 
in pounds per squsr*e foot for valuos of V c in miles per 
hour, was computed directly from equation ( 2 ); standard 
values were used for all the constants occurring in this 
equation. Table II gives values of Impact pressure q c 
in pounds per square foot for values of V c in knots. 
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In computing the values of q c in table II, the conver- 
sion from feet to nautical miles used was as follows: 

1 nautical mile = 6o80.2 feet 

Tables I and II give the impact pressures for V c in 
increments of 1 mile per hour and 1 knot for speeds cor — 
responding to Mach numbers at sea level from 0 to 1.000. 

Table III gives values of static pressure p in 
pounds per square foot for various values of pressure 
altitude h p from -1000 to 60,000 feet in increments of 

100 feet and. from 60,000 to 100,000 in increments of 
1000 feet for standard atmospheric conditions. (The use 
of the term standard atmosphere throughout this report 
includes values for the standard atmosphere up to an 
altitude of 65,000 feet and for the tentative extension 
of the standard atmosphere from 65,000 to 100,000 feet.) 
The values given in table III were computed from the 
equation 



P0 ^ 

Pq© 11 T 0 


lo S 10 


PO 

p 


(4) 


which is given as equation (4) of reference 5 with slightly 
different symbols . 


From tables I or II and III the ratio of impact 
pressure to static pressure q c /p may be established 
and the Mach number, which is a function of this ratio, 
may then be found. The relation between Mach number 
and q c /p is given in reference 6 as 


M =J 


r 

/ \ 

— 

1 

5 

(a®- + 1 ) 7 

7 

- 1 

i 


\p } 








1/2 


(5) 


Table IV, which is taken directly from reference 6, gives 
values of - Mach number for various values of the 
ratio q c /p. 


The Mach number M is defined as the ratio of the 
true airspeed to the speed of sound in ambient air and 
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thus, with the Mach number determined, the true airspeed 
may be found by the use of 

V = Ma ( 6 ) 


The speod of sound in ambient air is found from the 
equation 

a = '/y| (7) 


which may be rewritten in the following forms when the 
value of y is assumed equal to l.lt and the air is 
assumed to follow the gas law 


P = 


r p ?0 
p °p0 T 


If a is in miles 'per hour and T is in degrees Fahren- 
heit absolute 

a = 53.42^ (3) 

If a is in knots and T is in degrees Fahrenheit 
absolute 


a = 29. 02y*T 


(3a) 


If a is in miles per hour and T is In degrees Centi- 
grade absolute 

a = kit. SIs.\/T ( Jb ) 


If a 'is in knots end T is in degrees Centigrade 
absolute 


a = 38 . 9V? 


(Co) 


Table V gives the speed of sound for values of free-air 
temperature In degrees Fahrenheit, and table VI gives the 
speed of sound for temperatures in degrees Centigrade* 
Tables V and VT give the speed of sound both in miles per 
hour and in knots. 


In order to illustrate the use of tables I to VI to 
determine the true airsoeed from calibrated airspeed, the 
following example is presented: 
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Given: 

Calibrated air speed V c = 398 miles per hour 
Pressure altitude hp = 22,000 feet 
Temperature t = -12° P 

To find: 

True airsoeed V in miles per hour 
Step (1) 

Prom table I, for V 0 = 395 miles per hour, 
q c = U 33 . 7 pounds oer square foot 

Step (2) 

From table III, for hp = 22,000 feet, 

P = 893* 3 pounds per square foot 

Step (3) 

From these values. 


h = = O.I1855 

P •-< 9p • 3 


Step (U) 


14; q c 

From table IV, for — = 0» iq.85 5 » 

K = O .7736 

Step ( 5 ) 

From table V, for t = -12° F, 
a = 708,9 miles per hour 

Step (6) 

3y use of equation (6), 

V = Ma = 0,7738 x 708.9 miles per hour 

— 546.8 miles per hour 


Determination of True Airspeed from Impact Pressure 


In order to convert measurements of impact oressure 
to true airspeed, the static pressure and the speed of 
sound must be known. It is convenient first to determine 
the Mach number from measurements of the impact pressure 
and the static pressure. Table IV may be used to find 
the Mach number from the ratio of q c to p and 
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tables V and VI may be used to find the speed of sound 
for various values of the free-air temperature. The true 
airspeed may then be determined from equation (6). 


Determination of Dynamic Pressure and 
Equivalent Airspeed 

In order to reduce flight-test data to coefficient 
form or to demonstrate compliance with certain structural 
requirements, either the dynamic pressure q or the 
equivalent airspeed V must be determined. The relations 
of dynamic pressure and equivalent airspeed to impact 
pressure, static pressure, calibrated airspeed, and Mach 
number are therefore presented. 


Since the dynamic pressure q Is by definition 

q = |rpV 2 ( 9 ) 

it may be expressed as a function of the impact pressure 
by solving equation (1) for true airspeed and substituting 
the resultant expression into equation (9), which reduces 
to 



Values of the compressibility factor f are given In 
figure 2 as a function of q C/ /p. The dynamic pressure 
may also be expressed as a function of Mach number and 
static pressure from equations (6), (7)* and (9) as 

q = jypM 2 (12) 

Since the equivalent airspeed V e Is by definition 


V 


e 


Vo 1 / 2 



P0 


( 13 ) 
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the relation between the equivalent airspeed In miles 
per hour, Mach number, and pressure ratio can be derived 
from equations (6), (8), ( 15 ), and the gas-law equation 
as 


v e = 760.9M (lli-) 

The variation, determined from equation (li+), of equiva- 
lent airspeed with Mach number for pressure altitudes 
from 0 to 100,000 feet is given in figure 5* For con- 
venience, the true airspeed that applies to the standard 
atmosphere computed from equations (Ip) and (lip) is also 
included in figure 3 • 


Finally, expressions that will relate the true air- 
speed, the calibrated airspeed, and the equivalent air- 
speed are determined. If equation ( 2 ) is solved for V c : 



If 



equation ( 15 ) becomes: 


V c 



U5) 


( 16 ) 


(17) 


The compressibility factor f Q is given in figure 2 as 
a function of %/Pq* Similarly, the true airspeed may 
be written 


V = 



(13) 
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Prom equations (17) and (l8) 


V = 


Vc 


JL IE o' 

to VP 


When equations (13) and (19) are summarized 


V = v c 



( 1 ?) 


(2C) 


Por convenience, equations relating the various 
airspeed quantities are listed in appendix A. 


Determination of Reynolds Number 

In comparisons of flight and wind-tunnel results 
charts relating the Reynolds number to the Mach number 
have been found convenient. 

Reynolds number is defined by the formula 

K - Y12. = VJl (21) 

p u 

where l is a characteristic length such as the chord. 
Equation (21) nay be written so that tho Reynolds number 
is expressed as a function of Mach number and absolute 
temperature in degrees Fahrenheit for unit values of tho 
characteristic length l as 

R _ l!.9.02MyF (22) 

l V 

In order to facilitate the determination of Reynolds 
number, figure h. has boen prepared to show the variation 
of tho factor F 3 td/^ v;it b Mach number and pressure 
altitude, where R s t-d is t - ie Reynolds number computed 
on the basis of the standard atmosphere. Figure !+(&) 
holds for pressure altitudes from sea level to 60,000 feet, 
and figure k(b) holds for pressure altitudes from 6 0,000 
to 1007000 feet. 
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In order to account for free-air conditions other 
than standard, figure 5 is given to he used in conjunc- 

_ 2.318 


tion with figure 4* When j_l 


iaO T + 216 


( justifi- 


cation for the use of this equation given in the section 
entitled ’’Properties of Standard Atmosphere”) is substi- 
tuted into equation (21), the Reynolds number factor may 
be written 



1.232pM -~-- - - -- 10^ 

t 2 


(25) 


The Reynolds number factor in the standard atmosphere 
becomes 


= i.232 P M^mJ^£ 10 6 

1 / m 2 

- L 3td 

When equation (2J) is divided by equation (24) 


(24) 


R _ /TstdV/ 1 + 216 


R 


std 


T 


T 3ttt + 216 


) 


(25) 


Figure 5 gives R/Rgtd as a ■f'^ction of pressure alti- 
tude and the deviation At of the free-air temperature 
from standard temperature for a given pressure altitude. 
In equation form. 


At = T - T std (26) 

The curves of figure 5 become straight lines for pressure 
altitudes .above 35*332 feet, since ! s td i 3 constant 

above this altitude range. 

In order to Illustrate the procedure to be used in 
determining Reynolds number, the following example Is 
presented: 
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Given: 

Mach number M = 0. 75 

Pressure altitude h„ = 35,000 feet 

Characteristic length l = 10 feet 

Deviation of free-air temperature from standard 
temperature At = -10° F 


To find: 


Reynolds number R 
Step (1) 

From figure 4(a), for M = 0, 75 and 
\ = 35*000 feet, 


R 


3td 


= 1,800,000 per foot 


Step (2) * 

For l ~ 10 feet, 

R , = 18,000,000 

s cd. 

Step (3) 

From figure 5* for h p = 35*0 CO feet 
and At = -10° F, 


R 

^std 


= 1.036 


( 4 ) 

From these values, 

R = 18,600,000 


Step 
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PROPERTIES OF STAVLAFB ATMOSPHERE 


Per many purposes, such, es performance and. load 
calculations, the concent of a standard atmosphere has 
proved to be very useful. The United States standard 
atmosphere was officially adopted in 1925 (reference 7)* 
Tn reference 7 tables are given that are of most use 
in the calibration of instruments. The properties of 
this atmosphere were originally tabulated by Diehl 
(reference 5)* 

Table VII gives the standard atmospheric values 
up to altitudes of 65,000 feet and includes quantities 
that have been found, to be of use in the interpretation 
of airspeed and related factors. These quantities are 
the pressure in pounds per square foot, the pressure 
in inches of water-, the speed of sound, the coefficient 
of viscosity p, and the kinematic viscosity p . All 
the quantities giver. In table VII are in the English 
3 vstem of units for every 500 feet of altitude up to 
65,000 feet. 


The values given in table VII for the coefficient 
of viscosity p. and the kinematic viscosity v are 
not standard values since a standardization of air 
viscosity has not been agreed upon as yet. The 
values listed for p and v are believed to be 
sufficiently accurate, however, to be useful in 
calculations requiring viscosity of air. 


For altitudes from sea level to 55 >000 feat, zhe 
pressure p in pounds per square foot and In inches of 
water was determined from the ratio p/Pq given in 


reference 5 nnd values of the pressure at sea level 
of 2116.2 pounds per square foot and I 4 O 7 . 1 inches 
of ’"‘'.ter. The sea-level pressure In pounds oer square 
foot is based on the pressure in Inches of mercury 

c r of 29.021. The sea-level pressure in inches 
based on the creosuie ±n inches of mercury 

in 


~>ers 


at 

of vusr 
rt 32° F 


of 
i s 
and 


59° 


F. The ores sure 


■0 


water uv j . 

inches of mercury for altitudes up to 5 5 >000 feso ~s 
taken directly from reference 5 . 
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The quantities mass density p and density 
ratio cr are also taken directly from reference 5 
the altitudes from 0 to ^>^,000 feet. For altitudes over 
3*5,000 feet the ore s sure s , the mass density, and the 
density ratio were recalculated, since a minor error was 
discovered in the calculations of reference 5 - ov ' i - he 
pressure ratio for altitudes above 35»332 feet. 

The quantity 1 /y'cr is given to facilitate the 
comoutati on of the true airspeed V from the equivalent 
airspeed V e . 

The absolute temperature in degrees Fahrenheit was 
obtained from reference 5 except for altitudes above 
32,000 feet, where interpolation was necessary at the 
500 -foot stations. 

For ready reference, the standard values and the 
variation ’-with altitude of temperature- and density 
originally used in the earnout atl ons for the standard 
atmosphere are included in appendix B of the present 
caper* 

The soeed of sound in mile3 per hour commuted from 
equation (D) is given in table VTT, A value of Y~ la- 
vras assumed to hold for the temperature range that is 
included in table VTI. 


The coefficient of viscosity p was computed from 
the formula 




_ 2,316 
10 * 


3/2 


T + £16 


(27) 


Equation (27) was obtained from reference 5 by converting 
the equation given therein to the English system of units 
and by starting with a value of u = 3*725 x 10 “7 con- 
sistent vrith the standard sea-level conditions. 


The kinematic viscosity of air y was obtained 
from the definition 


1 1 



/->n 


) 
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TENTATIVE EXTENSION OP STANDARD ATMOSPHERE 


The NACA Special Subcommittee on the Upper Atmos- 
phere at a meeting on June 2 i|, 19^6 resolved that the 
tentative extension of the standard atmosphere from 
65*000 to 100,000 feet be based upon a constant compo- 
sition of the atmosphere and an isothermal temperature 
which are the same as standard conditions at 65*000 feet. 
This tentative extended isothermal region ends at 
52 kilometers (approximately 105*000 ft). It is possible 
that as results of higher altitude temperature soundings 
become available and the standard atmosphere is extended 
to very high altitudes the oresent recommendation may be 
modi f i ed* 

The Subcommittee also recommended that the values of 
temperature given in the following table be considered as 
maximum and minimum values occurring for the given alti- 
tudes with the variations between the specified points 
to be linear: 


! 

Altitude 

(km) 

I Temperature 

i (°C absolute) 

C 

I Minimum 

Maximum 

20 

1S0 

250 

25 

— 

2 X° 

45 

200 

3o0 


A tentative extension of the standard atmosphere 
computed from the equations given in apoendix B using the 
recommended isothermal temperature is given in table VIII 
for altitudes from 65*000 to 100*000 feet. All qusntltie 
given in table VII are included in table VIII. 

Luigley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Vs., July 17* I9U6 
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APPENDIX A 


S'JKMARY op equations relating airspeed quantities 


The equations relating the various airspeed quanti- 
ties, which are £iven in the present paper, are a 3 follows: 


q = p | 1 + - 


1 o 2\ 
— - yr ' 


"r-l 


- 1 


ii.tr 


for V < a (Al) 


q c = p 0 


/ v - 1 

(l + 

L ' 


,Y-I 


-v -i 
Pc / J 

for V C a (A£) 

q = -jCP'- 

(A? ) 

q = f 2 q.. 

(Al; ) 


Y 

q = 5*pM*- 

(A5 ) 

n _ 

P -0 
P p 0p 0 T 

(AC) 


f 


■r 


" O 


“ \ 


" P 

r v- 1 

Y 

/q c \ r 

{ X + 1 i 1 

? 

i 

h 

,o 

O 

t • -L J -j- 

\ P ./ 


Y-l 

v Po 
v ~ i q c 

/% \ y 

( — + 1 ) - 1 

\ p 0 / 


t ■■ r? \ 

I* 7 ) 


U<?) 
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(A9) 


p 



(A1C) 


f a is in miles per hour and T is in degrees Fahren- 
eit absolute 

a = 33.i|2yT (All) 


If a is in knots and T is in degrees Fahrenheit 
absolute 



a = 29 . 02 -\/t 

(A12) 

If a Is 

in miles per hour and T is In 

degrees Centi- 

grade ab s o lu t e 



a = 

(A13) 

If a is 
absolute 

in knots and T is in degrees 

Centigrade 


a = 5 8 , oik, /T 

(All;) 


■V = Ma 

(A15 ) 


, r^c 

v = V p 

(Al 6 ) 


/2 q„ 

(A17) 


V c = . 


Y ^0 



v 0 = yaV2 = v^JL 

(Al 8 ) 


V e (mph) = 760.9Ky/^ 

(Al?) 
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APPENDIX B 


OONSTAHTS AND EQUATIONS FOR USE IN COMPUTATIONS 


CF STANDARD ATKCSKIERE 


The values of the standard atmosphere given herein 
are based on the following values: 


Sea-level pressure p Q = 29.921 in. Hg 

= 4 O 7 .I in. HoO 
= 2116.2 ib./'ft 2 

Sea-level temperature tQ = 59° F 
Sea-level absolute temperature Tq = 5 F 
Sea-level density = O.CC23?3 s lug/ f 1 5 
Gravity g = 32 . 17/0 ft/sec 2 


Temperature gradient 


dT 

dh 


O.O. 0356617 0 F/ft 


The altitude of the lower limit cf the isothermal 
atmosphere 35*332 ft 

Specific weight of mercury at 32° F = bL.3,7149 lb /ft 5 

Specific ?/eight of water at 59° F = 32.372/ lb/ft 5 

Up to the lower limit of the Isothermal atmosphere (- 67 ° F 
corresponding to 35*332 ft) the temperature Is assumed to 
decrease linearly according to the equation 


T = T 0 


,3 m 

dh 


h 


(El) 


Further, 
gas that 
the mass 
perature 


the atmosphere is assumed to be a dry perfect 
obeys the laws of Charles and Boyle, so that 
density corresponding to the pressure and tern- 
13 

m 

p ^0 
p “ p 0'p 0 T 


( 52 ) 
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In reference 5 the pressure and. altitude are related, by 

Po 


h = ^e 


"m. 


P 0 Sm. t o '' 10 p 


(B3) 


where m is the modulus for common logarithms, that is. 


m 


= l°3i 0 e = 0 .i;. 5 k 29 k 


(34) 


The harmonic mean temperature T r , is given by 


T = 
til 


ZAh 




Ah 


T’av 


Ah 1 + Abu, + . . 

Ahn A ho 

+ — £. + . 


(B5) 


’ avn 


av2 


whore T av ^, T av ^, * • • are the average temperatures for 
the altitude increments Ah-j_, Ah^, .... 
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TABIE III 

STATIC PRESSURE p IK POUNDS PER S«JARE FOOT FCR VALUES OF 
PRESSURE ALTITUTE hp FRCK -1000 TO 100,000 FEET 


Pro a sure 
altitude , 

h P 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

-1000 

-0 

0 

1000 

2000 

5000 

4000 

5000 

bOOO 

7000 

8000 

9000 

10,000 

11,000 

12,000 

15.000 

14.000 

15.000 

16.000 

17.000 

18.000 

19.000 

20.000 
21,000 
22,000 

25.000 

24.000 

25.000 
26,000 

27.000 

28.000 
29,000 

30,000 

31.000 

32.000 

33.000 

34.000 

35.000 

36.000 

57.000 ' 

38.000 

39.000 

j.0,000 

41.000 
*2,000 

45.000 
A. 000 
A. 000 

46.000 

47.000 

48.000 

49.000 

50.000 

51.000 

52.000 

53.000 
§4,000 

55.000 

56.000 

57.000 

58.000 
§9,000 

m 

2116 

2041 

1968 

1896 

1828 

1760 

1696 

1633 

1572 

1512 

1455 

ft 

1293 

1243 

SB 

hoi 

972.1 

932.0 
§ 93 . 3 . 

m 

784.5 

751.2 

m 

657.1 

628.0 

599.9 

55:1 

M 

474.4 

tfi:i 

4 11.0 

391 ’.? 

373.6 

SS: ! 

PM 

294.2 

280.5 

267.4 

255.0 

243.1 

231.7 

220.9 

210.6 

200.8 

191.4 

182.5 

174.0 

165.9 

158.1 
150.8 

2186 

2108 

2033 

i960 

1889 

1821 

1626 

1566 

1506 

& 

ilia 

itif 

1142 

1096 

1052 

1009 

968.0 

ll|:| 

852.2 

816.2 

781.4 
747-9 

654 ll 

625.2 

597.2 

570.2 

544.2 

519.2 

m 

fe:i 

409.1 

390.0 

371.8 

354.5 
337-9 

322.2 

m 

121:1 

253.7 

241.9 

230.6 
219.? 

209.6 

199.8 

190.5 

151.6 

173.2 

165.1 
157.4 

2178 

2101 

2026 

ill 

1.814 

i&I 

1620 

1560 

1501 

1444 

1388 

ill 

m 

H 37 

1092 

io4a 

1005 

963.9 

744.6 

ah 

651.2 

622.3 

594.4 

567.6 

ftU 

492.9 

469.8 

447.9 

».! 

388.1 

370.0 

352.8 
336.3 

320.6 

IK 

III 

240.8 

111:1 

208.6 

iH:l 

180.8 

il:l 

2170 

2099 

2018 

i§! 

1807 

1614 

1554 

1495 

143a 

13S3 

1330 

1278 

1228 

1180 

1133 

IO87 

1043 

1001 

959.9 

920.2 
^.9 

74 i .'3 

m 

648.3 

619.5 

ilirl 

m 

490.5 

fe 7; i 

40I12 

m 

319.1 

304.2 
290.0 

276.5 

263.6 

251.3 

259.6 

226.4 

217.8 

207.6 

ill:? 

ill 

155.9 

2162 

2086 

2011 

ill 

1800 

1734 

1670 

1608 

1432 

1378 

1273 

1223 

33 

1083 

m 

§41.3 

805.7 

771.3 

738.1 

706.0 

675.2 

645 .4 

616.6 

589.0 

111:1 

m 

465.4 

m 

403.3 

384.5 

3 . 66.5 
349-4 

335.1 

|SJ:1 

288.7 

275.2 

262.4 
250.1 

258.5 

227.3 

216.7 

206.6 

197 . 0 

187.8 

179.0 

170.7 

162.7 

155.1 

2154 

2078 

2004 

ill 

iS 

1602 

1427 

1372 

ilil 

1218 
1170 
1123 
1078 
1035 , 

992.6 

951.9 

m 

m 

m 

m 

III:? 

m 

III 

401.3 

382.6 

3 . 64.8 

347.8 

331.5 

316.1 

m 

273.9 

261.1 

248.9 

257.5 

226.3 

215.7 

205.6 

196.1 
186-9 

178.2 
1 W .9 
162.0 

154.4 

2147 

2070 

m 

fit 

1721 

1658 

i 

1421 

1367 

3 $ 

1213 

1165 

1119 

1074 

1030 

988.5 

m 

870.7 

834.0 

795.7 

pi:! 

639.5 

611.0 

583.6 

557.1 

531.6 

461.0 

|i?:S 

399-4 

580.8 

l&l 

IS:? 

500.0 

27!:? 

IE?.’? 

236.2 

225.2 

214.7 

204.7 

ill:i 

177.3 
16?. 1 
161.2 

153.7 

2139 

2063 

3.989 

1918 

1848 

1780 

1715 

1651 

1590. 

1530 

1472 

1416 
13 6z 

m 

1208 

1160 

1114 

1070 

1026 

984.3 

m 

§67.0 

830.5 

m 

11:’ 

666.1 

656.6 

608.2 
580.9 
554-5 
52 ?.l 

504.7 

481.2 

458.8 

437.4 

417.0 
397-5 

579.0 

361.3 

m 

313.1 

m 

111:1 

246.6 

IIE:i 

215.7 

ip 

185.1 

iil 

160.4 

152.9 

2131 

2056 

1982 

1910 

lSia 

1774 

1708 

n 

38 

1304 

1253 

1205 

1156 

1110 

1065 

1022 

980.2 

939-9 

m 

826.9 

W 

663 :i 

633.7 

m 

551.9 

526.6 
502.3 

m 

395.6 

377.2 

359.6 

342.8 

326.8 

311.6 

im 

270.0 

mi 

234.0 

223.0 

212.6 
202.7 

m 

175.7 
167.5 

159.7 

152.2 

2124 

2048 

ill 

1702 

1639 

ill! 

1461 

1405 

1.351 

1298 

1248 

1199 

1151 

1105 

1061 

1018 

976.1 

935.9 

m 

g:l 

690.5 

660.1 

630.9 

602.7 

13 

500.0 

433.2 

413.0 

393.7 

375-4 

357.9 

341.2 

325.3 

310.1 

m 

268.7 

SfcS 

232.8 
222.0 

211.6 

201.8 

1.92.4 

4 

158.9 
151.5 


0 

lOOO 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

60,000 

70.000 

80.000 
90,000 

100,000 

150.8 

93.53 

58.01 

35.97 

22.31 

143-8 

89.17 

55.51 

34.3O 

137.1 

85.00 

52.72 

32.70 

130 . 7 , • 
si. 04 
50.26 
■ 31.17 

124.6 

77.26 

47.92 

29.72 

118.7 

&8 

28.53- 

113.2 

70.23 

43.55 

27.01 

107.9 

66.95 

41.52 

25-75 

102,9 

63,82 

98.10 

60.86 

57.74 

23.40 
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TABIE V 

SPEED OP SOUND FOR VARIOUS VALUES OP FREE-AIR 
TEMPERATURE IN DEGREES FAEREKOSXT 


t 

(°F) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

* 

Speed of sound, mph 

:IS 

$ 

11 

-10 

-0 

0 

10 

20 

IS 

IS 

IS 

100 

110 

120 

659.5 

m 

692.5 

700.5 

mi 

716.3 

716.3 
724.1 
731.7 

m 

m 

m 

783-3 

790.4 

m 

667.1 

illi 

691.7 

699.7 

707.7 
715.5 

717.1 

724.8 

1:1 

ip 

$:! 

791 . 1 

798.2 

666.2 

IS:I 

11:1 

m 

717.9 

725.6 

$:§ 

mi 

770.4 

791.8 

798.9 

§65.4 

tsa 

l|:i 

706.1 

714.0 

Sfcf 

sfci 

749.1 

756.5 
765.8 

771.1 
778.3 

tII:! 

799.6 

664.5 

IBS 

iffri 

705.3 
713.2 

719.4 

727.1 

m 

749.8 

757.2 

ms 

793.2 

800.3 

663.7 

672.1 
680.3 

688.5 

m 

720.2 
727.9 

m 

750.6 

758.0 

?H:| 

?1: 

794.0 

801.0 

662,9 

671.2 

8W 

7 ol:| 

711.6 

721.0 

728.7 

1:1 

751.3 

758.7 

766.0 

773.3 

780.5 

787.6 

IS:? 

662.0 

670.4 

IS!:? 

694.9 

702.9 
710.8 

m 

752.1 

mi 

774.0 

781.2 

788.5 

ISfl 

661.2 

669.6 

III:! 

694.1 

702.1 

710.0 

722.5 

730.2 
737-8 

745.3 

? 1 S:I 

767.5 

774-7 

78 i .9 

789.0 

796.1 
803.0 

660.3 

668.7 

II5I 

693.3 

701.3 

709.2 

723.3 
731.9 

SSI 

753.5 

?IS :1 

?iti 

789.7. 

796.8 

803.7 

Speed of sound, knots 

-70 

-60 

-30 
-20 
-10 
- 0 

0 

10 

20 

8 

50 

60 

IS 

90 

100 

110 

120 

572.6 

550.0 

587.2 

m 

608.3 

IS:i 

622.0 

628.7 

ae .5 

m 

m 

680.2 

686.4 
f 9|.5 
698.5 

11:1 

593 «o 

600.6 

607.6 

614.5 

621.3 

622.7 

629.4 

636.1 

642.6 

649.2 

!I!:S 

668.3 
674.6 

680.8 

687.0 

695.1 

m 

592.9 

6 l 3 .| 

620.6 

625.4 

630.1 

|f:| 

649 .§ 

656.3 

662.6 
669.0 

IS 1 

687.6 

693.7 

577-8 

585.0 
592 .| 

|ol*2 

613.1 
620.0 

624.0 

630.7 

fg* 

650*5 

656.9 

l|:i 

IS :1 

688.2 

694.3 

11.1 

591.5 

598.5 

ton 

p 

644.6 

651.1 

657.5 

663.9 

670.2 

! 2 l:| 

688.8 

694.9 

■ 

576.3 

583.6 

590.8 

SJ:I 

lit:! 

658.7 

m 

658.2 

664.6 

670.8 

IS:! 

689.4 

695.5 

59oio 

8K 

611.1 
617.9 

626.0 
§ 32.7 

639.4 

658 ; 8 

665.2 

671.5 

§& 

690.0 

696.1 

1 H:I 

589.3 

foil 

610.4 
617.2 

626.7 

633.4 

640.0 
646.6 

653.0 

659.5 

665.8 

672.1 

as 

690.6 

696.7 

g! 

609:? 

616.0 

627.4 

pi 

65 ?: 7 

660.1 

666.4 
672.7 

§11 

691.3 

697.3 

ip .7 

587.9 

595.0 

602.0 

609.0 

615.9 

628.1 

gl 

66oi7 

667.1 

ll:t 

691.9 

697.9 
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TABLE VI 


(°C> 



SPEED OP SOUND FOR VARIOUS VALUES OP FREE-AIR 
TEMPERATURE IN DEGREES CENTIGRADE 



Speed of sound. 


-60 65I4..I1 

-50 669.0 668.1 666.6 665.1 663.6 662.0 660.5 659.0 657.5 656.0 

-40 684.I4. 683.0 681.5 680.0 678.6 677.1 675.6 674.1 672.6 671.1 

-30 699.0 697.5 696.1 694.6 693.2 691.8 690.3 688.8 687.k 685 .g 


0 7U0.9 7^2.2 7^3-6 744.9 7^6.3 747.6 749.0 750.3 751.6 753.0 
0 75 k -3 755.6 757.0 758-3 759.6 761.0 762.3 763.6 764.9 766.2 
? 767.5 768.8 770.1 77i.fi- 772.7 774.0 775.5 176.6 777.9 779.2 


I 


m $:§ ®:i m W:l $.1 m 

793.3 79^.6 795.8 797-1 798.4 799.6 800.8 802.1 603.2 
805.9 


92.0 

04.6 


Speed of sound, knots 


568.3 


580.2 578. 
593.1 591. 


577.6 

590.6 


607.O 603.8 604.5 603.2 602.0 6OO.7 599.5 598.2 596. 

619.4 618.2 616.9 615.7 614.5 613.2 612.0 610.8 609., 

-10 I 631.5 630.3 629.1 627.9 626.7 625.5 624.2 623.0 621.8 620. 

-0 643.4 642.2 €41.0 639.8 638.7 637.5 636.3 635.1 633.9 632. 



6 652.8 653.9 

1 664.3 665.4 


666.5 667.7 668.8 669.9 671.1 672.2 673.3 674.5 675.6 676.7 

677.8 678.9 680.0 681.2 682.3 683.4 684.5 685.6 686.7 687.8 

688.9 690.0 691.1 692.2 693.3 694.4 695.5 696.6 697.7 698.8 

699.8 
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Preaaure, 

9 


h J 

Cft) 

I db/ft 2 ) 

(In. H 2 0) 

(in. Eg) 

(8luga/ft3) 



20,000 

20.500 

21,000 

21.500 
22,000 
22,5001 
25,000 I 

23.500 I 
2k, 000 

24.500 



Gooffioloaft 

of 

Tleoosltjr, 

Slnam&tlo 

▼laocaltY, 

V 

(a lug a/ft aec) 

(ft^/aec) 
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TABIE VII 

properties OP THE STANDARD ATMOSPHERE - Corolateft 
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TABLE VIII 

FROPERTIBS OP THE TEHTATTVZ STATOARUrATMOSPHSlE EMEHSIOIT 



1 

a 


5.255 


6.6?2 


tm 


6.916 

6.999 

vm 


7 . 25 ^ 

7.341 

7.^29 


7.519 

7.609 

7.700 

m 

7 . S & 1 

8.077 

8.174 

8.272 




Toarper&turvj 
(°P »bn . ) 


39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.* 

39 *.} 
39 *.} 
39 *.} 
39 *.} 
39 *.} 
39 *.} 
39 *.} 
392 .} 
39 *.} 
39 * A 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

392 .} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

3 ?*.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *,} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.* 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.} 

39 *.* 



662.0 
66 * .0 
662.0 
662.0 
662.0 
662.0 
662.0 
662.0 
662.0 
662.0 
662.0 


*. 96 * 

*.962 

2.962 

*.962 

*,962 

2 . 96 * 

*. 96 * 

2.962 

2.962 

2 . 96 * 

2.962 


70 . *1 
72.11 
73.86 
73 . 6 * 
77. *7 

S3 

83.22 

85.84 

87.30 

89.41 
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